The variability of the interpretation by two individuals of a combined echocardiographic and Doppler method of calculating output was studied in 30 normal adults. In each subject three separate cardiac cycles were recorded to calculate maximal mitral valve orifice, the ratio of mean to maximal mitral valve leaflet separation, and the mean flow velocity through the mitral valve. The recordings were digitised twice by two independent observers. Estimates of cardiac output ranged from 3-2 to 8a 1 1/min. Analysis of variance showed that interobserver and intraobserver variability for these measurements was 5 8% and 6 1% respectively.
A combined echocardiographic and Doppler flow technique that assesses blood flood through the mitral valve has been used to estimate cardiac ouput in animal models"2 and in patients. 34 We have analysed the variability of intraobserver and interobserver results when estimates of flow through the mitral orifice were used to calculate cardiac output in normal adults.'
Patients and methods
We studied thirty four normal adults. Four were subsequently excluded because ofpoor quality echocardiograms. The mean age of the remaining 30 separate cardiac cycles were used to estimate the maximum mitral valve orifice (from parasternal short axis views).
We obtained M mode recordings of the mitral valve at the same level through the leaflets as the cross sectional study. Again, three cardiac cycles were recorded. Then with the transducer positioned on the cardiac apex a pulsed Doppler sample volume was set to a length of 1 cm and positioned just below the mitral leaflets. The sample lies parallel to ventricular inflow (or was estimated to be no more than 15°offparallel). Doppler flow was recorded for three cycles on hard copy at a paper speed of 50 mm/s. M mode recordings were obtained at the same recording speed.
One investigator obtained all the echocardiographic images and Doppler recordings from resting and haemodynamically stable subjects. On two occasions two observers independently and blindly calculated mitral valve area from hard copies of real time and M mode traces of the three cycles.
For technical reasons, which were specific to our computer system digitising pad, the Doppler flow curves were traced on to plastic transparency from the hard copy and the transparencies were digitised.
Variability of the echocardiographic and Doppler determination of cardiac output The densest part of the velocity trace was taken as the modal velocity.
A third observer independently and blindly performed the computer digitisation of the transparency traces of the modal velocities of the three cycles. The computer system calculated the area under each curve to determine the mean velocity of transmitral flow for each cycle.
The maximum mitral area was estimated from tracings on transparencies of the real time stop frame image (both observers produced two tracings for each cycle). The line of the trace followed the inner contour of the mitral leaflets. The transparencies were then digitised independently and blindly by the third observer to calculate maximal mitral valve orifice for the three recorded cycles. Mean to maximal mitral leaflet separation was calculated for the three beats from the M mode traces. The mean mitral maximal area was multiplied by the ratio of the mean to maximal valve leaflet separation to give an effective mean diastolic cross sectional orifice area for the mitral valve (this ratio is said to correct for variations in mitral valve orifice size during diastole).' The two observers traced the anterior and posterior mitral leaflets on the M mode trace. They did this twice for the three recorded cycles. The tracings were digitised blindly by the third observer.
The mean:maximal mitral orifice ratio was calculated from the formula-A/l x h, where A is the area of the anterior and posterior mitral leaflets on M mode; h is the maximal leaflet separation; and 1 is the duration of leaflet separation (diastole). Cardiac output was calculated using the formula: CO = (V CSA 60)/cos 0; where CO is cardiac output (1/min); V is mean velocity throughout the entire cardiac cycle uncorrected for angle (cm/s), calculated as the mean of the three cycles and of the four measurements performed by the two observers; CSA is effective mean diastolic mitral valve orifice area corrected for diastolic variations (cm2), determined by multiplying the cross sectional maximal mitral valve orifice area by the ratio of mean:maximal mitral leaflet separation on the M mode recording. All the measurements were the mean of the three cycles and of the four determinations of the two observers; cos 0 is the cosine of the angle between the Doppler beam and blood flow.
For the purpose of this study the cos 0 was assumed to be 1 for all calculations for the following reasons: (a) the purpose of the study was to analyse the interpretative reproducibility and not the effect of the angle 0; (b) The 30 cases were also arbitrarily divided into three groups on the basis of excellent quality recordings (15 cases), good quality recordings (10 cases), and fair quality recordings (five cases) to evaluate the possible influence of the quality of the recording on the final variability.
Results
Calculated Doppler cardiac output values ranged from 3-2 to 8 1 1/min (mean 5-1 (1-3)1/min). The interobserver and intraobserver variability for cardiac ouput was 0-295l/min (5 8%) and 0.310l/min (6-1%) respectively. Table 1 shows the interobserver and intraobserver variability for cross sectional measurements, M mode measurements, and Doppler measurements as well as beat to beat variability for the three groups of measurements. Table 2 shows the total interpretative variability for the cross sectional measurements, M mode measurements, and Doppler Good (n= 10) 0-677* 11 0 0-0363 (6.8) 2-17 7-6 Fair (n=5) 0-566* 10-5 0-0351 (6-0) 2-70* 9*4 *p < 0 001 compared with M mode (Fisher F test for variance) .
measurements on the basis of the quality of the recordings.
Discussion
We studied the variability of the interpretation of recorded data not variability due to the recording procedure. Both interobserver and intraobserver variability was close to 6%.
Real time, M mode, and Doppler measurements were associated with similar degrees of variability, although real time measurements tended to produce more variability and M mode less.
Although adult real time images are inherently less satisfactory than paediatric images, we found that provided the image was suitable for analysis, the difference in their grading was not a major factor in producing the variability (Table 2) . Although the subjects in our study were clinically normal, image studies were unsatisfactory in four (12%) of them. Presumably the proportion of unacceptable recordings in ill patients in intensive care who may have had recent thoracic surgery will be much higher. Our subjects all had cardiac output values in the normal range. Whether or not similar reproducibility would be obtained in low output states has yet to be determined.
We have not entered into the debate on the preferred site for recording blood flow-that is the aorta or transmitral position-nor have we examined the assumption that the mitral orifice is circular in diastole. 3 We examined the suggestion that variability within and between interpretors can significantly influence the accuracy of measurement. 5 
